Abstract. Geosmin is one of the typical odor compounds in water environment, it has a very low odor threshold (10ng/L), and difficult to degrade in natural environment. In this study, a Zn-Al multi-metal oxide, based on Zn-Al-LDH as a precursor, was prepared and used as photocatalyst to investigate the photocatalytic degradation performance of geosmin in the range of ng level in aqueous solution. Firstly, Zn-Al-LDH was synthesized by co-precipitation method, and the Zn-Al multi-metal oxide was produced after calcination of Zn-Al-LDH at 1023 K in air. The obtained Zn-Al multi-metal oxide showed a good photocatalytic degradation performance. In the condition of simulated solar light, 1g/L catalyst dosage and initial geosmin concentration of 200ng/L, the apparent rate constant k app is 0.017min -1 . After 3 hours of photocatalytic reaction, the residual concentration of geosmin decreased to lower than 10ng/L, which can meet the requirements of "Standards for Drinking Water Quality" (GB5749-2006). The result showed that the photocatalytic reaction efficiency was mainly related with the part of ultraviolet light. The photocatalytic activity of the Zn-Al-MMO was little affected by pH over the range of 4-10. The possible photocatalytic degradation mechanism of the geosmin was also discussed.
Introduction
The odor in water environment not only affects the quality of drinking water, but also can cause nausea, chest tightness, diarrhea and other symptoms. The odor pollution events in drinking water source water have happened frequently in recent years. Since the Wuxi smell incident of water, including Chaohu Lake, Wuhan East Lake, Yanghe River in Qinhuangdao, Dianchi reservoir in Yunnan, a series of water odor events happened one after another. The odorous substances are mainly produced in the eutrophic water bodies, which are produced by algaes metabolism and their decomposition. The smell of earthy musty, is the most widely and unpleasant off-flavors in freshwater bodies, and Geosmin(GSM) is one of the main factors of water off-flavors [1] . Geosmin is a saturated cyclic tertiary alcohols, its olfactory threshold is very low (10ng/L). It has been found that there are 22 kinds of actinomycetes, 15 species of cyanophyta, 2 species of fungi, 1 species of bacteria can produce geosmin. The saturated cyclic structure of geosmin makes it resistant to degradation [2, 3] . After calcination, Layered double hydroxides (LDH) may transform to mixed-metal oxide(MMO), which have potential photocatalytic activity and high thermal mechanical stability, etc. [4, 5] . In this study, Zn-Al mixed metal oxide(Zn-Al-MMO) is systhesized by using Zn-Al-LDH material as precursors. The obtained Zn-Al-MMO was used as the photocatalyst to research its photocatalytic degradation performance on geosmin of ng level in water solution. To the best of our knowledge, the relevant research using MMO as photocatalyst to photo-degrade geosmin in waterhas not been reported by now. 
Materials and Experiment

Materials
Photocatalyst preparation
The Zn-Al-LDH intercalated with carbonate anions was synthesized using a constant pH co-precipitation method at room temperature. First, a mixed solution containing Zn(NO 3 ) 2 and Al(NO 3 ) 3 was prepared in 300 mL ultrapure water(concentration is 0.03mol/L and 0.015mol/L respectively).Another solution containing NaOH (0.5 mol/L) and Na 2 CO 3 (0.1 mol/L) was prepared in ultrapure water. And then, these two solutions were added dropwise into vigorously stirred 100 mL ultrapure water. During the reaction process, the solution pH was kept at about 10. The resulting slurry was aged at 338 K for 24 h and then centrifuged, washed with ultrapure water until the pH of supernatant reached 7.0. After that, the solid product was dried and grinded. The obtained material was Zn-Al-LDH. The Zn-Al-LDH material was calcined under air atmosphere at 1023 K for 1 h, and cool down in air. Then the Zn-Al-MMO material is obtained.
Analytical methods
Headspace Solid Phase Microextraction-Gas Chromatography-Mass Spectrometer (HSPME-GC-MS) is used to analyze the concentration of Geosmin. A serial of aqueous geosmin standard solution(concentration at 1、2、5、10、20、50、100、200、500ng/L, respectively) is prepared and analyzed. Standard curve ranges from 1ng/L to 500ng/L is obtained. The curve has good linearity and regression coefficient is greater than 0.99.
Experimental Design for photocatalytic reaction
The 50 mg of powdered photocatalyst was added into 50 mL geosmin solution (200ng/L). the sampling time points after the reaction are 0h, 0.5h, 1h, 1.5h, 2h, 3h, 4h and blank control group is set. The first experiment filters out light below 300nm wavelength to simulate sunlight; the second experiment filters light below 420nm wavelength to further investigate the effective spectral range of the catalytic reaction. Another experimental is to explore the effect of pH on photocatalytic conditions: The 50 mg of powdered photocatalyst was added into 50 mL geosmin solution (200ng/L).The solution pH were set as 4, 8.87 (the pH after photocatalyst added) and 10.0.
Results and Discussion
Characterization XRD is used to characterize the material before and after calcination. Fig.2 shows the XRD patterns of the Zn-Al-MMO, it can be found that the layered structure disappeared and the characteristic structure peaks of ZnO and ZnAl 2 O 4 appear. Fig.3 . It is found that, in the simulated sunlight (after filtering the light of wavelengths below 300nm), geosmin has a certain degree of photolysis and the reaction rate was greatly accelerated for the photocatalyst. After 4 hours' reaction with the existence of catalyst, the residual Geosmin concentration was 3.09ng/L, lower than the China "Standards for Drinking Water Quality" (GB5749-2006) requirements for geosmin (10ng/L). After 4 hours' reaction without catalyst, residual geosmin concentration is 72.18ng/L. In the experiment where light below 420nm wavelength was filtered out, the Geosmin content remained stable and no significant photocatalytic degradation was detected, regardless of whether the photocatalyst existed. It can be inferred that photocatalytic degradation of the geosmin is induced by sunlight's ultraviolet light part (300nm-420nm). where k app (min -1 ) is the apparent rate constant and t is the time of irradiation. C 0 and C are geosmin concentrations of the solution at time 0 and t, respectively. The corresponding linear transforms in ln(C 0 /C) as a function of irradiation time are given in Fig.4 . From the figure, we know that the apparent rate constants of Zn-Al-MMO is 0.017min -1 , which is significantly greater than the k app (0.004 min -1 ) without catalyst. and hole (h + ) have been excess compared to the concentration of geosmin, so that the influence of pH on the surface charge of the material was not enough to affect the photocatalytic rate.
Photecatalytic performance Catalytic kinetic experimental results was shown in
Possible photocatalytic mechanism
The hole(h + ) ,which produced by the electron transition due to the light ,occupied the main position in the reaction, while hydroxyl radical (·OH) and superoxide radical (·O 2 -) also play an important role. Considering previous studies on GSM photocatalytic degradation [6] , geosmin has a variety of photocatalytic degradation ways. To summarize, geosmin may be oxidized by active groups firstly, successively removed 1 hydroxyl and 2 methyl attached to the ring structure of geosmin; secondly, geosmin transformed to polycyclic olefins; thirdly, after the ring opening, a serial of intermediates such as monocyclic alkanes, cycloolefin and ketones, etc were produced and final degradation products were CO 2 and H 2 O. The detailed reaction mechanism needs more work to reveal. 
Conclusions
The Zn-Al-MMO material was synthesized by calcination of Zn-Al-LDH as precursor and applied to photocatalytic degradation of GSM in the aqueous solution. The results showed that the synthesized materials had good photocatalytic degradation ability to trace GSM (200ng/L) under simulated sunlight, and the residual concentration can be reduced to below 10ng/L after 3 hours. The photocatalytic efficiency mainly depended on the ultraviolet band (wavelength 300-420nm) in the simulated solar light, and the photodegradation rate was slightly affected by the change of pH in the range of pH 4-10. As an environmental functional material, this Zn-Al-MMO has the potential for application in decontamination of odor pollution in water.
